Compass spectrometer alignment method.
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Introduction

Ref 1 Ref 2

Standard method:

e take reference detectors to build tracks
e remove others from tracking

e align removed detectors by hand using residuals

Global method:

e use all detectors in tracking
e fix some detectors for gauge

e minimize sum of track x? wrt tracks and alignment parameters.



Compass spectrometer

Second spectrometer

First spectrometer
Fibers
Micromegas
Drift chambers

MF2

ECAL2 Jell
HCAL2 o N

RIC

Target Straw tubes
#detectors: ~ 250

#wire orientations: 14

detector size: min 4 X 4cm? (FI) | max 5 x 4m? (MA)
resolutions: min ~ 30pum (SI) | max ~ 3mm (MA)



Nent = 37003

SI101X1

)&&(T_detVect==100)}

chi2/T_ndf<30&&T_ndf>40;

Criterions

| T_duVect {(abs(T_duVect)<0.4&&T.
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Alignment parameters

Alignment parameters

offset perp. to the wires U — (AU)

0 (AU) & (AU)

angle perp. to the beam 66 —

ou ' oV
0 (AU
position along the beam 6z — M
oU
. 0 (AU)
tch P6P
e ~ oU
angles wrt the beam not taken into account by present tracking

second order corrections



Principle

e single track minimization
e many tracks minimization
e constraints

e alignment with magnets on



Single track minimization

notation

e U coordinate perp to the wire for all detectors

e o, track parameters (z, y, t,, t,)

e o, alignment parameters (detector offsets, rotational offsets ...

track y?:

hyp: linear dependency of U upon «

x? minimization:

[Udet - Ucalc(ata aa)]Q

=Y
det

o2

Ucale = Z a—ai

oUu

i

and

oo o1 (oU, U

20a g0 7 0o Oy
Lovor  ovou 1av
G 02 0y Doy Go Oy Doy o7 020y
oU oU oU 0U o 10U
det (90(@ 80(1 det 80@' 80@ : det O 0 i




Many tracks minimization

N
To be minimized: | " x7 for N (many) tracks.
i=1

The track parameters a; are track dependent
The alignment parameters o, are detector dependent

The derivatives 0U/0a depends upon the detector, evt. the track parameters (non
linearities).
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e C;, b; depend upon OU/da, only (for i*® track)
e I';, B; depend upon OU/da; only
e G; are mixed terms, (OU/0a,)(0U/dcy).

Many 0 because tracks are independent one to the other.

matrix dimension:

4 parameters/tracks, 20000 tracks

~ 4 parameters/detectors, 250 detectors

|= 4 x 20000 + 4 x 250 = 81000

Really inverted are 20000 4 x 4 (track) matrices + one 1000 x 1000 (alignment)
matrix = all a, (4 all o)

ref: http://www.desy.de/~blobel /wwwmille.html



Matrix inversion

full system:

ZOZ'

~ ol @
R

)
=N
ol o
o@
... O
8
X®

reduced system (alignment parameters):

() = (C") ()

C'=xC;— GG}
b =xb — Gl B

tracks parameter (optional):

(o) = — (TG C) (b) + (I + TG C'GIT ) (By)

ref: http://www.desy.de/~blobel /wwwmille.html



Derivatives

cos(Oget + 00) [z + t1(2det + 02 — 2)]

Ucale = (1 + 6 P) { + sin(Bges + 60) [y + ty(zdet + 5z — 2)]

f+a0

Track parameters:

e tracks coordinates at z: (z,y)
OU [0z = cos Oget
OU /0y = sinbyet

e tracks angle: (¢,,1,)
OU /0t; = cos Oget(2det — 2)
0U/0t, = sin Oget(Zdet, — 2)

alignment parameters:

e offset perp. to the wires éU
oU /06U =1
e offset along the beam ¢z
0U/06z = cos Ogerty + sin Ogesty

e rotational offset 60

QU066 = — sin Oget, [ + t2(2det — 2)] + €08 Odet [y + ty(2det, — 2)]

e pitch offset ) P
OU/OSP = cos Oyet [T + 4 (2det — 2)] + sinbaet [y + ty (Zdet — 2)]



Summary

we need:
e ~ 20000 tracks;
® OUyk det /Oy det, the derivatives wrt alignment parameters
® OUurk det/Ourk det, the derivatives wrt track parameters

e some algebrae to perform the matrix inversion.



Alignment with magnets on

No track parametrisation < use output from raw tracking (U)

fit a correction to the track:

S e A

2
det O det

[AUdet - AUcalc]2
2 2

det O det

Assumption: AU, linear upon z.

= the expression of the derivatives are the same but using the local track
parameters:

® T4t and yqer the position in the detector

® 1, det and ty 4o the local track angles

= the measurement is now AUy instead of Uget



Constraints

Fixing detectors

e 0U: 4 detectors to be fixed to avoid z, y global translation, rotation.
e )0: 1 detector to be fixed
e 0z: 2 detectors to be fixed to avoid translation and scaling along the beam

e 0P (pitch): 2 detectors to be fixed to avoid z, y global scaling

Constraints between parameters

e > 4U; = 0 to avoid global translation
det

S oU;
det =i

= 0 to avoid global rotation



Results

e angular alignment (+pitch adjustment) on fibers
e cffect of SM1 magnetic field on gems
e cffect of target field rotation on fibers

e global performances



angular alignment on fibers

before
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effect of SM1 magnetic field on gems
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effect of target field rotations on fibers 3 and 4
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x? performances

Tracks bridged through SM1

| T_chi2/T_ndf {T_chi2/T_ndf<15&&(T_zone&0x3)} |

htemp_1

Entries 15080
Mean 2.716

i RMS 2.555
B htemp_1
1000 Entries 9003
i Mean  4.417
i RMS 3.316
800
600
400
200
O 111 | 11 | 111 | 111 1 |
0 2 4 6 10 12 14 16

Tracks bridged through SM2

| T_chi2/T_ndf {T_chi2/T_ndf<15&&(T_zone&0x6)} |

htemp_1
Entries 13914

Mean 2.737

RMS 2.618

1000 | htemp 1
- Entries 6275
B Mean 5.041
800 B RMS 3.648
600
400
200
O 11 | 111 | L1 1 | L1 1 1 |
0 2 4 6 8 10 12 14 16

e red: alignment by hand on alignment run only (magnets off)

e blue: this method on alignment (magnets off) + physics (magnets on) run.



x? performances

Tracks bridged through SM1 Tracks bridged through SM2
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e red: alignment by hand on alignment run only (magnets off)

e blue: this method on alignment (magnets off) + physics (magnets on) run.



global performances

Run method Trk / Nevt X2 Qytx | Mrk / Nytx | Cytx, !
22019 (P2D)-| (1) | L7l |798(36.1] 296 | 142
(2) 3.09 3.07|45.7 3.38 33.1

e Method (1): alignment by hand on alignment run only (magnets off)

e Method (2): this method on alignment (magnets off) + physics (magnets on) run.




